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(54) CNOCOB PEMOHTA OBCAZHbIX KO-

NTOHH

(57) icnons3osaHmue: PEMOHT Y4acTKOB C O4a-

raMK paspylesns u aedextamm B crenkax 06-
caaMeix konoHH. CyuiHocTs uaobpereHna:
noabupaor yuanugpuyecxun narpybox pac-
4eTHOro NePUMETPa, AnnHa kotoporo Gonswe

2
PHYTPEHHErD .AMAMETPAa 2 PEMOHTMDYEMOIO
yuacTka 06canHoM XONOHKL, 8 AMUNA NaTPYG-
xa bonelwe pAvHL MHTEPBANa NOBPEXAEHUR.
NponasoasY nonepevnyio aedopMaumnio nar-
pybxa no scei pnMHe A0 NOTepw YCTOAYMBO-
CTH, GUKCAUWIO €ro 8 ITOM NONDXEHWMN, CRYCK
B CKBaXWHY ¥ YCTAHOBKY B 30HE nospexae-
Hus nyTem puxcatopas. Mpu 3Tom Matepwan
narpybka embupaiot no Moaynio ynpyrocri —
E. xovopui onpeaennioT U3 COOTHOWEHHUA!

1.4P _
E «—R-TE . rae P — XOHTaxTHO® Aagnenue

natpybka H3 crenkn obcagHoh xonoxHeL: h-~
TonwuHa créHxu natpybka; R — papuyc eHyT-
pexHen cTeHku 06canHoA xonoHu, 4 nn,

—— -

kmﬁg— 6n

[V Z87018T




3. 1810482 4

Waobperenue OTHOCUTCH K TEXHONDIMK
- peMOHTHuX pabov B HedTenobuearowed npo-
" MBLIWABHHOCTW, 3 UMEHHO, K cNOocobam nukeu-
‘[BUMM YNBCTKOB C OMIraMu Pa3pywenust #
AedexvamMmn B CTEHKax 06CaAHLIX KONOKH.
Llens u3obpereruna —nosuiwenne spdex-
TMBHOCTM PeMOHTHHX PpaboT-u obecneueHue
PaBHOMEPHOTO NPUXATHA NaTpybka no ecen
-ero aanHe x 06CanHoOR KONOHHE NPpU yRpowe-
HUU Npoyecca ycTaHoexu naTpybxa -3a .cuer

HCXNOUEeHNE A0NONHUTENLHOrO BO3AB“CTBKR '

Ha Hero. -

) Ha dur. 1 naoﬁpaxeuo ycvponcrno wm
A:npuaeaenm narpyGka B cocroaHue notepu
yCTOAUMBOCTH: Ha dur. 2 ~ cevenune A-AHa dur.

15

- 1: na ur, 3 - cevenivie 6-b Ha $ur: 1; Ha-dnr. _‘
4= narpybox, 3a¢uxcuposaununn cocronuuw -

noTepn yctommaocm
’ Ycrponcno AnA npusegenm narpyﬁxa h|

' 8 COCTORHWE NOTEPY YCTORYMBOCTH — NPOTATH- 20

Baowee ycTpoRcTeo .~ npeacrarser cobon
" KOHM4ECKYIO Onpasky 2:¢ $opmoobpasyloumm

crepxHem 3 n ponuxamu 4, 3axpenfeHHbIMA

_“fio paRHe Onpasky: Ponmky 4 CBR3aHE C MeXa- -

HUYECKNM NPUBOADM 5, BpaiLeHMe HA KOTOPUA ‘25

- nepegaercs gsuravenem- 6.-Nocne ‘npusene-
Hian naTpybxa B COCTORKME NOTEPY YCTORYMBO-

CTH NPU- NOMOWM AIKHOTO YCTPOACTBA OH

OMKCMPYOTCH B STOM COCTOAHKN NOCPEACTBOM™

duxcaTopoa 7, coeauHenHux mexay coboa 30

cvepxxamu-8. Mpueon 5 npeacrasnser us ce-

- 68 3yG4aTy0 Nepepavy ¢ OAHOM Bepywed 9 u

. ABYMA senoMuiMu weeveptamu 10, 11, Beay-
" mas. wecrepHs-9 YCTAHOBAEHA HA BUXOAHOM

BEAOMON WECTEPHY YCTAHOBAEH KPAAHURA BEp-
XHuA ponunk 4, 3 Ha Bany 14 HkHeR BeaoMoN
wecTepHu xpanHuB Hwxuui ponnk 4, Poanku
4 (1 BepXHUE, U HKHUE) CDBAZAHHLE NPUBOA*

" HHM pemrem 15. Ponnxu 4, He conaanHue © 40

sanamm 13 u 14, aunonneuu ynpyrosnacvuy-°
HHMU MAW NOANPYXMHEHLL. B PEIYNLTITE Hero

OHU OTCAEXMBAIOT. Ae$POPMIUNIO narpyﬁxa._

) ‘Boxoauie ponuxu 4°:3akpenneHsts KOHWuYeCKOf -
onpasxe 2 C.BOIMOKHOCTHIO Bpaenns. Onu -
He NOANPYXWUHEHH U YCTAHOBAEHH COOCHO K
dopmoobpaayoutemy crepxnio 3. ’
Cnocob pemonTa 3aknouaercs n'cnenim-
. wem, .
‘Brauane ocyuectaanior noabop navpy6-
Ka pac4evTHOro nepumetTpa w ynpyroctw, far-
pyGox 1 BHNONHAILT B BUAE TOMXOCTEHHOTO
KPYrosoro unanhapa U3 Matepuana obnanaio-

6uiTh UCNOAL30BANA BLICOKOKAYECTBEHHAR 3a-
K3NEHHAA CTansL, CTEKNONNACTHK U ApYyrye Ma-
Tepuand, Xapakvepuayliune TveM, uTo
HAINPAXEHUR, BOIHHKIIOWMUE B HUX N CAe No-
TepH yCTOAYMBOCTY, HE NPEBLILIAINT NPeaencs
TEKYWCCTH' A3HHUIX MaTepwanos, T.e. coor-
BETCTBYIOT YNPYrUM AEGOPMALNRM ITHX MaTe-
pvanos.

3atem npov3BOART nonepeuHylo aedop-
Mayuio narpybxa no sceft AnnMHe 20 noTepu
YCTOAUMBOCTH U HUKCIUMIO €70 B ITOM COCTO-
Axuy. [ina 91010 natpybox 1 noaaloT Ha exoAn
onpasKku 2 NpoTATMBAIOWEro YCTPOACTBA C
NPeABapUTENtHO, BKAKNEHHLIM AsnraTenem 6,
NEepeaaioumM . BpallieHue Ha ponnku 4 ¢ no-
MOWLIO. MOXAHUYECKOTO NPUBOAA 5. Ponuxy 4
3axBaTLB3I0T NATPYGOK M NPOTAIMBAIOT €ro

BHYTDS| KOHUNECKOA ONPaBxy 2 yevponcrea, Mo -
: -Mepe ABWKEHNA naTpybka 8ot BHyTpenHedn
' NOBEPXHOCTU NOCTENEHHO YBENWINBAETCA pa-
- AmantHan Harpy3ka, ReACTBYIOWAN HA HEro Co

CTOPOHL! ONP3BKHU U3-33 YMEHLLIEHUA ee Aua-
MeTpa. V138eCTHO, YT0 TOHKME ynpyrve oGonoy-

XU NOA AeACTBMEM PAAMANbHON Harpyaxn

TepaioT YCTOAUNBOCT, nepexom K HOBDOMY CO-
CTOAHWMIO _PaBHOBECMA  C - -BHNYKNOCTLIO,

- 0GpaiienHOR K UEHTPanbHOM OCK UMANHAPA.

Dna.obecnevenus nepexopa narpyfixa 8 co-
CTORHWE NOTEPW yc'rowmaoc‘m chyxut dop-
Moofpa3yowmun crepxens 3, xoTopua
XOHUEHTPUPYET PARUaNEHYIO HarpyaKy Ha fiaT-
PYGOK. TEPRIOUMA YCTOAUUBOETL. fantHed-
wan_NpoTAXKa navpybka:.censawa ‘¢

. TDOAONXIIOLMMCA YBEARYEHUEM DIAUANLHOR
sany 12.gewravena6: na sany 13 Bepxhen 35

uarp’yau;un NPUBOAUT K YBENUYEHMIO BLINYKNO-~

" .cmm-obonoux narpybra, notepaswefn ycroh-
" YUBOCTH, B peaynbTarte uero pasmep

natpybxa Gyryr cooveercTBoBaTh TpaHCmOpT-
HLIM Pa3MePaM TeN, CRYCKAEMbIX B CKBAXUHY.
B momenT ocTXeHnA naTpybkoM Tpancnop-

- THWX PA3MEPOB OH NPOTAFMBAETCA K KOHLUY

OnpaBku 2u H3 BHIXORE U3 Hee CTRMMBAeTcH

. HecKonbkuMu ¢puxcatopamu 7 (cm. dur., 4), ko-

45

TOPHE KECTKO COeRuHAIOT Maxay coGon crep-
xuamu B. Takum 06pa3omM -ocyulecTensioT

" onepaunio $ukCUposaHua naTpybxa 1 8 cocro-

- KUK NOTEPU YCTORNUBOCTH,

50

wero CBOACTBOM YNpyrocT¥, npuuem nepu- 55

MeTp ynannapa Gonbwie BHYTPEHHBrO
nepuMeTpa peMoHTupyemon oficagHoR Kk A H-
Hb, 3 Anuna — Gonsiwe wHTepsana N Bpexpe-
"Mun obcapHon xonoHHw. B kauecrtse
Martepnana warovosn uus narpybka M xer

S

flocne aroro NPOMIBOAAT YCTAHOBKY nar-
py6xa a 30He nospexaeHun 06CagHOA KonoH-
Hul, . .
" Dnd gtoro ¢ noMousio aepxatens (Havep-
TeXe He NoKaaaH) narpybox. 3adukcnpoean-
HHUR B COCTOSHUMN NOTEPW YCTOAYUBOCTH,
CNYCKalOT B CKBAXWUHY M YCTaHABAWBAIOT Ha
ypoBHe -yyacrka nospexaeHus obcagHon xo- -
nonnut, Crsarusaiowme natpybox 1 puxcaropu
7°cHUMAIOT; NepeMeuian 8BepX COeAUHAIOWue
ux CTepxxHu 8, YTO Npre AUT K CHATUIO pagu-
anbHOM HaTpyaxw, AeAcTeylowWen Ha naTpybox,

N A aneicrenem ycunwia 8 06 novxe, notepsre- )
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weR ycroyusoCTh, natpybox 1 sBo3epawaerca
B UCXOAHOE PABHOBECHOE COCTOAHN .

"B CHAY T rO. YTO UCXOAHKIA BHEWHAA An-
ameTp natpybxa Hecxontko Gonble BHYTPeH=
Hero puameTpa 06caaHon KONOHHLL Marpybox

naoTHO N paauonepuo npuxmwlaerca x obcaa-.

HOf KONOHME, NEPEKPHB yWacToK nospexae-

HUA.
Eunu nposeaeHt RaboPaTOPHLIE NCNLIT3-

Hua cnocoba peMoHTa 06CaAHLIX KONOHH Ha

monenu 06caaHOR KOROHHB € LeNnbio Npo-.

sepku ero paborocnocoGHoCTH. Mogaenb 06-
'CanHORA KONOHHB npeacvaenser cobot

YOACTOCTEHHYIO TPyGYy C BHYTPEHHNUM auaMer--

pom B0 MM, napametpom 251.2 MM 1 wmuou
500 mm.

10

15.

flarpybox éunonueu 3 Ctemonnacmxa 8. -
BuAe YOHKOCTEHHOro Kpyrosoro uwAnHApa,

TONLYUHE CTEHKU KOTOPOTO 03MM, 3 nepnmerp
251,6 MM,

B xawecTse nNpoTArMB3aioulero ycTpoincTea
MCNOALIOBANACE KOHUYECKan 0Npaska CoO
BXOAHUM AuaMeTpoM 100 MM, BUXORHEIM = 70
MM, 2nnHOMA 600 MM C oaHNM $opmoobpaayo-

‘WUM CTEPXHEM BAONL BHYTPEHHER NOBEPXHO-.

20

25

cTu onpapxu. (IpoTSKKa OCYWECTBASAACL .

nasnexvem Ha Topey natpybra. Ha saxone u3a
npoTArMBAOLIEro ycrponcTea naTpybok nMen

anametp 70 mm, npudem dpopmoobpaaylouini-
cTepxeHb yke He Kacancs BbBEepHyTOH ofo- = - .
30

_ nouxu navpy6ixa, n 8 Takom NONOKEHNU NATPY-
Gox Gun NOCNEnoeaTentLHo CTAHYT ABYMA
- ¢UKCATOPaMK, COBANHEHHEIMU- MEXaY coﬁoﬁ
. .ABYMS CTBALHLIMIt CTEPKHAMU,
3avem natpybok Gum cnyuies 8 Moaem,
06canHOR KONOHHL A0 YPOBHR 30HL NOBPEXK-
-Aenua 06¢anHON KONOH Hul-C TOMOULEIO AePXa-
. yenf, nonepeuntHie pasMeps KOTOpPoro He
npeeniwann 70 mm. 3atem crTarusaloume Pux-
catopu CABUrany K epxHemy TOpUy NaTpy6xa
33 CHET YCUNHA, NEPEA3BAEMOrD Yepes crepxk-
. HW. .
B MOMENT cHATUS NocheaHero ¢gukcaTtopa
-cB060AHUIA NATPYGOK MONHOCTLIO BOCCTaHO-

81N CBOI0 GOPMY, NPUXABIINCH X BHYTPEHHER
crenke 06CaAH A KONOHHH W NEPEXPHB 30HY
NOBPEXACHNA. -

AHan rmunbim  Gpasaom Gunu npoeefeHs
MCNBLITAHUA B YCAOBMAX NOAHOFO 33NCNHEHWRA
moaenn oGcaaHoM KOROHHK BOROA.

NaGopatopHbie A3HHbLIE NOATBEPANAN Pa-
BoTocnocoB6HOCTL AaHHOrO CNOCOba peMOHTa
o6caaHux konowH. MaTpybok noanocTeio, Ges
noBpexaeHUH W CKN3RO0K BOCCTaHOBUA CBOI0
dopmy U IDTHO obneran BHYTPEHHIOIO CTEHKY
06CaAHOA KONOHHH, M3OANPYR 30HY NOBPEX-
aexna.

Dopmyna naoﬁpereuua

Cnocob pemoHTa 06CaAHLIX KOROMH,
anuuoqarouma noabop natpybxa pacuerHoro
nepuMmerpa, nonepeynyid ged¢opMayuio nat-
pybka no BCER ANUKE, CNYCK €0 B CXBAXUHY U

'YCTaHOBKY B 30HE NOBPEXACHUA, OT AU Y 2 10~

WunCcsa TeMm, 4TO, C e NOBHWEHNA
3¢ $eKTUBHOCTU PEMOHTHLIX PaboT v obecne-
YEHUA PIBHOMEPHOTO NPUKATHA natpybka no
BceR ero aamne k a6capHoON KoNOHHe NPy OA-
HOBPEMEHHOM YNpOWEHY NPOUecca ycva-
HoBKW NaTpybka 3a cueT UCKAOUEeHUR
AONONHUTENLHOTO BO3IAEACTBUA HA HEro, Ma-
Tepuan natpy6xa sGuPaIoT No Moaynid ynpy-

. ractm E, npuuem nocnenuun onpenenmm na

35

40

COOTHO(IJEHWR

> - 14P

N

rpe P - - KOHTaKTHOE Aaanerme narpy&xa Ha

CTeHkn 06CaRHONA KONOHHLI - .
h — TONWMHE CTEHKN- narpybxa: .
R - paguyc anyrpeuneﬁ noaepxnocm ob-
CAHON KONOHHL,.
a nonepevHyto. Aecpopmaumo narpyﬁxa no

- aceq MMHG ocyuiecrensior R0 norepu ycron-

41BOCTH, 33TEM IO HUKCUPYIOT B 3TOM COCTO
AHUN K NOCNS CYCKa B - souy noapexnenun
duKCaTOPH CHUMBIDT, -
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SPECIFICATION OF [stamp]
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(21) 4836184/03 than the inside diameter [sic: last clause
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USSR Inventor's Certificate No.
1254137, cl. E 21 B 29/10, 1982.
(54) METHOD FOR CASING REPAIR
(57) Use: repair of sections with localized
failure and defects in casing walls.
Essence of invention: a cylindrical sleeve
of calculated perimeter is selected where
the perimeter length is greater

should be either perimeter... perimeter or
diameter ... diameter] 2 of the section of
casing to be repaired, while the length of
the sleeve is greater than the length of
the damaged interval. Transverse strain
is produced in the sleeve along the entire
length until it buckles (loss of stability),
it is locked in this position, lowered into
the well, and placed in the damage zone
by means of locking devices. In this case,
the sleeve material is selected according
to elasticity modulus E, which is
determined from the relation: E =
1.4P/(/R)1V/5, where P is the contact
pressure of the sleeve on the casing wall;
h is the wall thickness of the sleeve; R is
the radius of the inside wall of the
casing. 4 drawings.

[Figure 1 spans columns 1 and 2, under header]

[see Russian original for figure]

[Qertically along right margin]
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The invention relates to technology for repair operations in the oil production
industry, and specifically to methods for repairing sections with localized failure and defects
in the casing walls.

The aim of the invention is to improve the efficiency of repair operations and to
ensure that the sleeve is uniformly squeezed against the casing along its entire length, with
simplification of the process of setting the sleeve by eliminating additional operations on it.

Fig. 1 depicts the device for buckling the sleeve; Fig. 2 shows the A-A cross section
in Fig. 1; Fig. 3 shows the B-B cross section in Fig. 1; Fig. 4 depicts the sleeve locked in the
buckled condition.

The device for buckling sleeve 1 (a drawing device) is a conical mandrel 2 with

_shaping bar 3 and rollers 4, attached along the length of the mandrel. Rollers 4 are connected
to mechanical drive 5, which is rotated by motor 6. After the sleeve is buckled with the help
of this device, it is locked in this condition by means of locking devices 7, interconnected by
‘rods 8. Drive 5 is a gear drive with one drive gear 9 and two follower gears 10, 11. Drive
_gear 9 is mounted on output shaft 12 of motor 6; upper outside roller 4 is mounted on shaft
13 of the upper follower gear, while lower outside roller 4 is mounted on shaft 14 of the
lower follower gear. Rollers 4 (both upper and lower) are connected by drive belt 15.
Rollers 4 that are not connected with shafts 13 and 14 are implemented as elastoplastic or
spring-loaded, and consequently they track the deformation of the sleeve. The side rollers 4

_ are attached to conical mandrel 2 so that they can rotate. They are not spring-loaded and are

mounted co-axially with shaping bar 3.

The repair method involves the following.

First, a sleeve of the calculated perimeter and elasticity is selected. Sleeve 1 is
implemented as a thin-walled circular cylinder made from material having the property of
elasticity, where the perimeter of the cylinder is greater than the inside perimeter of the casing
to be repaired while the length is greater than the damaged interval of casing. The material
used for fabricating the sleeve may be '
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high-quality quenched steel, fiberglass-reinforced plastic, and other materials characterized
« by the fact that the stresses arising in them after buckling do not exceed the yield stresses for
the given materials, i.e., they correspond to elastic deformations of these materials.

Then transverse strain is produced in the sleeve over the entire length until it buckles,
and it is locked in this condition. For this purpose, sleeve 1 is fed into the opening of
mandrel 2 of the drawing device after first turning on motor 6, which rotates rollers 4 with
the help of mechanical drive 5. Rollers 4 grip the sleeve and pull it into conical mandrel 2 of
the device. As the sleeve moves along the inside surface; there is a gradual increase in the
radial load acting on the sleeve on the mandrel side due to the decrease in its diameter. We
know that thin elastic shells buckle (lose stability) under the action of a radial load, going toa
new equilibrium state with bulging turned toward the central axis of the cylinder. Shaping

. bar 3 serves to ensure buckling of the sleeve, concentrating the radial load on the buckling
- ‘sleeve. Further pulling of the sleeve is associated with continuing increase in the radial load

and leads to an increase in the bulging of the shell of the buckled sleeve, as a result of which .

the sleeve dimensions will correspond to the run-in dimensions of bodies lowered into the
"well. At the moment the sleeve reaches the run-in dimensions, it is pulled toward the end of
mandrel 2, and at the exit from the mandrel it is clamped by several locking devices 7 (see
"Fig. .4) which are rigidly interconnected by rods 8. The operation of locking sleeve 1 in the
buckled condition is accomplished thereby.

After this, the sleeve is placed in the damage zone of the casing.

For this purpose, with the help of a holder (not shown in the drawing), the sleeve,
locked in the buckled condition, is lowered into the well and placed at the level of the
damaged section of the casing. The locking devices 7 clamping sleeve 1 are released by
means of upward displacement of rods 8 connecting them, which results in removal of the
radial load acting on the sleeve. Under the action of the stresses in the buckled shell,
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sleeve 1 retums to the original equilibrium state.

Because the original outside diameter of the sleeve is slightly greater than the inside
diameter of the casing. [sic: the latter should be a clause of the next sentence, not an
independent sentence] The sleeve is tightly and umformly squeezed against the casing,
sealing off the damaged section.

Laboratory tests of the method for casing repair were conducted on a model of a
casing in order to verify its feasibility. The model of a casing is a thin-walled tube with
inside diameter 80 mm, parameter [sic: parameter should be perimeter} 251.2 mm, and length
500 mm.

The sleeve is made from fiberglass-reinforced plastic in the form of a thin-walled
circular cylinder with wall thickness 0.3 mm and perimeter 251.6 mm.

As the drawing device, we used a conical mandrel with entry diameter 100 mm, exit
diameter 70 mm, length 600 mm and with one shaping bar along the inside surface of the.
mandrel. Pulling was accomplished by pressure on the end of the sleeve. At the exit from -
the drawing device, the sleeve had a diameter of 70 mm, where the shaping bar no longer
touched the twisted shell of the sleeve, and in such a position the sleeve was successwely
clamped by two locking devices interconnected by two steel rods.

Then the sleeve was lowered into the model of a casing, down to the level of the
casing damage zone, using a holder with transverse dimensions no greater than 70 mm. Then
the clamping locking devices were shifted toward the upper end of the sleeve as a result of
the force transmitted through the rods.

At the moment when the last locking devnce was releascd the free sleeve completely
recovercd
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its shape and was squeezed against the inside wall of the casing, sealing off the damage zone.

Tests were similarly conducted under conditions when the model of a casing was
completely filled with water.

Laboratory data confirmed the feasibility of this method for casing repair. The
sleeve, without damage or crumpling, completely recovered its shape and fit tightly against
the inside wall of the casing, isolating the damage zone.

Claim
‘ A method for casing repair, including selection of a sleeve of the calculated perimeter,
" transverse strain of the sleeve along the entire length, its lowering into the well and
placement in the damage zone, distinguished by the fact that, with the aim of improving the
efficiency of repair operations and ensuring that the sleeve squeezes uniformly against the
casing along its entire length while at the same time simplifying the process of placing the
sleeve by eliminating additional operations on it, the sleeve material is selected according to
the elasticity modulus E, where the latter is determined from the relation

E > 1.4P/(WR)11/S

where ‘P is the contact pressure of the sleeve on the casing wall;
h is the wall thickness of the sleeve;
R is the radius of the inside surface of the casing,
and transverse strain of the sleeve along its entire length is accomplished until it buckles
~ (loses stability), then it is locked in this condition and the locking devices are released after it
is lowered to the damage zone.
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[see source for Figures 2, 3 and 4]
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